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Abstract
Background: Gestational weight gain (GWG) above the
recently recommended ranges is likely to be related to
adverse pregnancy outcomes and therefore a challenge in
industrialized countries.
Aims: We conducted a systematic review on observational
studies in order to gain more evidence on whether diets with
lower caloric/protein content or other diets might be asso-
ciated with lower GWG.
Methods: We searched in MEDLINE and EMBASE for
observational studies written in English or German reporting
associations between diet and GWG in singleton pregnancies
of healthy women in industrialized countries.
Results: We identified 12 studies which met the inclusion
criteria. Five studies suggested significant positive associa-
tions between energy intake and GWG, whereas three found
no significant association. Further significant positive asso-
ciations of GWG were reported with respect to protein
intake, animal lipids, energy density and a number of differ-
ent food servings per day, whereas intake of carbohydrates
and vegetarian diet were associated with less GWG.
Conclusions: We suggest that GWG might be reduced by
lower energy intake in pregnancy.
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Introduction
Gestational weight gain (GWG) results from complex phys-
iological interactions between growth and development of
the fetus and changes in maternal physiology and metabo-
lism as well as in placental metabolism w19: 3-1x. Recently,
the Institute of Medicine (IOM) published recommendations
for GWG, which depend on maternal pre-pregnancy body
mass index (BMI) w19: S2x. Gaining more weight than the
recommended ranges (frequently called ‘‘excessive’’ GWG)
may cause adverse short- and long-term pregnancy out-
comes, such as maternal and offspring obesity, gestational
diabetes mellitus, pregnancy-related hypertension, compli-
cations through labor and delivery and macrosomia w6, 10,
14, 15, 17, 19: 5-1, 6-7, 20, 25, 26, 28, 30–32, 48, 49x.
Therefore, GWG is of interest as a potentially modifiable
prenatal risk factor. GWG, however, is determined by a num-
ber of factors which cannot be modified, such as maternal
age, height, parity, duration of gestation or gender of the
baby w19 (4), 47x. Interventions to modify pre-pregnancy
BMI might be most promising but may be difficult because
a large proportion of pregnancies are unplanned (in Germany,
e.g., half of them w21x). General population interventions in
young women have to be balanced against risks for eating
disorders which are common in this age group w27, 41, 46x.
A focus on potential dietary modifications has the advantage
of better targeting.
GWG has increased in the last years in industrialized
countries w4, 19: 2-1 to 2-3, 38x and it is a challenge to limit
this trend. A number of interventional studies assessing the
effects of energy or protein intake on perinatal outcomes
including GWG has been summarized in a systematic review
updated in 2009 w22x.
The review concluded that GWG was significantly
decreased by energy/protein restriction w22x based on only
two studies w8, 9x comprising 253 women in total. The qual-
ity of both studies was poor due to inadequate allocation
concealment, however. Furthermore, the studies were con-
ducted in 1975 w9x and 1983 w8x and included only primi-
parous women from Scotland with either high GWG w9x or
obesity w8x, limiting the external validity of these findings.
Since the number of interventional studies addressing diet
and GWG in the general population is limited w16x, we per-
formed a systematic review to assess whether observational
studies reporting associations between maternal diet and
GWG allow for further insight. We were specifically inter-
ested in whether diets with lower caloric/protein content or
other diets might be associated with lower GWG.
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Figure 1 Identification and evaluation of the studies for the systematic review.
Material and methods
The databases MEDLINE (1950–2009) and EMBASE (1974–2009)
were used to identify relevant articles on dietary determinants of
GWG in healthy women. The systematic computerized literature
search of published studies was carried out in November 2009 using
the following search terms: (‘‘weight gain pregnancy’’ OR ‘‘mater-
nal weight gain’’ OR ‘‘gestational weight gain’’) AND (‘‘nutrition’’
OR ‘‘diet’’ OR ‘‘energy intake’’ OR ‘‘protein intake’’ OR ‘‘dietary
protein’’ OR ‘‘nutrition physiology’’). After the search of the data-
bases was finished, we searched manually the already identified
articles and in the IOM guidelines w18, 19: S2x for further relevant
articles.
We included only observational studies meeting the following
criteria: written in English or German, dealing with healthy women
having singleton pregnancies, published in population-based or hos-
pital-based cohort studies in industrialized countries, without repeat-
ed pregnancies.
Not all studies explicitly mentioned whether they comprised only
healthy women with singleton pregnancies; for example, only one
study mentioned exclusion of women with gestational diabetes w23x.
However, we assumed this if there was no indication (e.g., by
adjustment) that women with severe diseases or multiple pregnan-
cies were analyzed. We did not include studies which reported
assessment of nutritional intake and GWG, but did not quantify
associations between both.
Results
The literature search revealed ns1917 results. From these,
1722 studies were excluded because their study topic was
different from our research question: most of the studies were
excluded because either dietary intake or GWG was not
recorded. One study w3x analyzed repeated pregnancies in the
same mothers, i.e., 95 pregnancies in 54 women. As shown
in Figure 1, 11 observational studies w1, 2, 5, 12, 23, 24, 33,
35, 40, 42, 43, 45x on the impact of dietary intake on GWG
of healthy singleton pregnant women were finally identified
as eligible for the systematic review. We detected one addi-
tional article w42x by a hand search.
Table 1 summarizes the setting of the 12 selected studies.
Nine studies were performed in the USA and three in
Europe. The sample sizes varied widely (50–2087 pregnant
women). Two studies followed exclusively low-income preg-
nant teenagers w40, 43x, whereas the other studies focused
predominantly on adult pregnant women. Also, other inclu-
sion and exclusion criteria of study participants, such as ges-
tational age at entry or parity, varied considerably.
To assess nutritional intake, different dietary assessment
measures were used (Table 2). Four studies assessed dietary
habits by semi-quantitative food frequency questionnaires
(FFQ), also asking for information on portion size w12, 23,
33, 45x, two used food records w5, 24x, and five relied on
recall methods w1, 2, 35, 40, 42x. One study used dietary
records and recall methods w43x. Nutritional intake was
assessed at least once or repeatedly at different points in time
and assessed food intake over time periods of different
length. Two studies, for example, assessed dietary habits dur-
ing the last three months by an FFQ, implemented around
the end of the second trimester w12x or in the first and in the
third trimester w33x. With these instruments different nutri-
tional aspects were considered. Some studies assessed intake
of specific nutrients, e.g., protein, fat and carbohydrates or
the intake of individual foods or food groups w23, 33, 40,
43x. Except for two studies w1, 42x, food consumption was
directly converted into some measure of energy intake. The
study of Aaronson and Macnee w1x used a nutrition score to
evaluate nutritional intake, in the study of Sloan et al. protein
intake was recorded, which showed a significant correlation
(rs0.81, P-0.001) with caloric intake w42x.
GWG was defined in different ways in the studies exam-
ined. The majority of studies w1, 2, 12, 24, 35, 43, 45x
defined GWG as the difference between the maternal weight
at her last visit to the prenatal care centre and (mostly self-
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reported) pre-pregnancy weight. Others assessed GWG in
different time frames during pregnancy w23, 33, 40x. Berg-
mann et al. w5x analyzed their data defining GWG as net
GWG, subtracting offspring birth weight and weight of the
placenta from weight gain between first and third trimester.
No definition of GWG was given in the study of Sloan et
al. w42x.
Six studies w5, 12, 23, 24, 40, 45x adjusted for confound-
ers, whereas the other six w1, 2, 33, 35, 42, 43x did not.
Significantly (P-0.05) positive associations between energy
intake and GWG were reported in five studies w5, 23, 33, 35,
40x, three of them adjusted for confounders, whereas in three
others (two adjusted) no significant association was found
w24, 43, 45x. All three studies which assessed protein intake
reported positive associations with GWG w2, 23, 42x – in
two of them (one with adjustment), these associations were
significant w2, 23x. Further significant associations of GWG
were reported with respect to animal lipids w23x, energy den-
sity w12x, number of different food servings per day w1x – all
of them associated with higher GWG; carbohydrates w23x
and vegetarian diet w45x – both associated with lower GWG;
with all but one w1x of these studies having adjusted for
confounders.
Discussion
A systematic review applying a broad search strategy
revealed 12 studies addressing the association between diet-
ary intake in pregnancy and GWG. A number of studies –
partly adjusted for confounding factors-suggested positive
associations between energy/protein intake and GWG.
These findings indicate that restrictions in energy intake
during pregnancy might be a potential intervention strategy
to avoid GWG above the IOM recommendations. Addition-
ally, a diet with less intake of protein, but higher intake of
carbohydrates, e.g., by reducing the amount of meat in the
diet appeared to be associated with lower GWG although
caution should be made to account for the well-known
increased protein requirements in pregnancy w13, 34x. Where-
as the increased iron requirement during pregnancy can be
met by iron supplementation, careful balancing is needed in
order to meet the micronutrients requirements regarding vita-
min B12 and possibly iodine and zinc w13x. The most effec-
tive intervention, however, might be a combination of a
healthy diet and moderate physical activity as suggested by
Stuebe et al. w45x.
Unfortunately, the studies identified varied considerably
with respect to dietary assessment and definition of GWG,
so that we were unable to provide a summary effect estimate.
We were also unable to assess publication bias, since con-
ventional approaches like funnel plots require comparable
measures for the strength of the association w7x.
It is likely that the strength of the relationship between
nutrition and GWG has been confounded by other factors if
no adequate adjustment was performed. For example, in the
study of Sloan et al. the amount of protein intake in preg-
nancy was negatively associated with maternal age, maternal
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BMI and smoking status, but positively with GWG w42x.
Maternal age is an important confounding factor. The sig-
nificance of maternal growth of adolescents during pregnan-
cy and its implications for GWG are still controversial w39,
44x. Additionally, given the trend towards delayed child-
bearing age, one should focus on GWG of pregnant women
older than 35 years. Older women showed significantly low-
er mean GWG than younger women w36x. Pre-pregnancy
BMI is known to be an important effect modifier of GWG:
total GWG has been reported to be lower on average in
women with high BMI w11, 28x. However, since maternal
BMI also has an impact on various short- and long-term
outcomes, such as preeclampsia or offspring overweight, it
seems necessary to perform analyses with stratification for
maternal BMI w6, 10, 28, 30x. There is also evidence that
cigarette smoking is inversely associated with GWG w37x.
Parity is also known to have a significant impact on GWG
w6, 29x. Bergmann et al. w5x showed that multigravid women
with high BMI gained less weight than primigravid women
with a high BMI, whereas primigravid women with a high
BMI gained much more weight than primi- and multigravid
women with medium or low BMI.
Although the data identified in our systematic review of
observational studies do not allow quantifying the potential
effect of modifications of maternal diet in pregnancy on
GWG, it appears to suggest that reducing energy intake might
contribute to reducing GWG above the recommendations.
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